The study of Coffea canephora genotypes at different environments, and the various edaphoclimatic characteristics and techniques used in the cropping systems is an important tool in the process of identifying those with higher adaptability to a particular scenario. The objective of this study was to characterize the development of Conilon coffee genotypes in an intercropping system with dwarf coconut palms. The experiment was carried out in the municipality of Colatina (Espírito Santo, Brazil), studying agronomic traits of genotypes of Conilon coffee in a completely randomized design and six repetitions. The eight treatments were composed by eight Brazilian improved genotypes of Conilon coffee and traits of growth, leafiness and fruit bearing were measured. It was possible to verify different behaviors among genotypes regarding tree architecture and fruit production. The genotypes 83 and 48 presented higher number of fruits per branch, besides vigorous growth, along with genotype 153 which presented larger leaves and higher content of chlorophyll b. Genotype 02 also had higher chlorophyll b content, but did not develop large leaves. The genotypes 16 and 100 presented lower levels of chlorophyll b but greater leaf development. Genotypes 03 and 76 are characterized by lower harvest yield. The biomass and the number of fruits per plagiotropic branch seem to be especially useful to study the variability and may ease future studies of variability among genotypes in intercropping systems.
Introduction
Brazil is the largest producer of coffee worldwide, cultivating both main species of coffee (Coffea arabica Lineu and Coffea canephora Pierre ex A. Froehner). The Conilon coffee (C. canephora) is considered one the most important Brazilian agricultural commodities and presents a high financial value for trade (Sunarharum et al., 2014) . The cultivation of coconut (Cocos nucifera L.) is also an important economic activity in Brazil, mainly aimed to the production of coconut water. The crops are mainly located along the coast and both main coconut varieties are explored (giant and dwarf), as well as several sub-varieties and ecotypes (Farias Neto et al., 2009) . Intercropping with arborous species is an interesting alternative for the coffee cultivation, offering protection and mitigating harmful effects from events of climatic stress, which have been more common due to climate change, and climatic vulnerability in several regions where coffee is cultivated. This system also may allow the cultivation of coffee in regions where the hydric and climatic conditions are unfavorable, in addition to the diversification of production and improvement of family income for smaller farmers (Camargo, 2010; . The cultivation of coffee in intercropped systems also offers other benefits, such as improving the conservation of soil humidity and decrease in wind damage (DaMatta and Ramalho, 2006; Pezzopane et al., 2010) , as well as improving soil fertility (Vaast et al., 2005) , decreasing coffee bienniality and occurrence of spontaneous plants , improving familiar labor and land use (Aparecido et al., 2014) , and promoting financial return (Chung et al., 2013) . Coconut palms from the dwarf group have been successfully used in intercropped coffee plantations. In these systems, it has been observed that coconut palms can modify the incidence patterns of photosynthetically active radiation over the coffee plants, decrease wind speed inside the system, and also buffer air temperature and relative air humidity (Pezzopane et al., 2011) . Additionally, as long as the intercropping evades excessive shading of coffee plants, it may not have any negative effect over the crop yield when compared to conventional unshaded systems (Pezzopane and Camargo, 2007) . The Conilon coffee has high genetic variability as result of its high natural rate of crossbreeding caused by its gametophytic auto-incompatibility (Lashermes et al., 1996) . It has been observed that genotypes of Conilon coffee present different responses when cultivated in shaded systems (Cavatte et al., 2013) . But there is still a lack of scientific information about the potential selection of genotypes or expression of morpho-agronomic traits in these systems (DaMatta et al., 2007b) . Due to this lack of information about the divergence of responses of improved genotypes of Conilon coffee to the intercropped cultivation in stablished productive systems with coconut palms. The objective of this study was to characterize the growth, fruit bearing, leafiness and agronomic traits of Conilon coffee genotypes (Coffea canephora Pierre ex Froehner) in an intercropping system with dwarf coconut (Cocos nucifera L. var. nana).
Results and Discussion

Meteorological events during the phenological cycle
The average air temperature during the evaluated cycle was about 2.1 ºC above the local normal standards of 24.2 ºC (Feitosa et al., 1979; Pezzopane et al., 2012) . The rainfall data indicate a strong event of water deficit, it was observed only 215.2 mm of accumulated rainfall while the expected average for the region is 1,147 mm (Feitosa et al., 1979; Pezzopane et al., 2012) . This fact characterizes an atypical event of higher temperate and drought, which should be enough to affect the normal development of the coffee plants. The supplementary irrigation was used in critical periods of high water demand by the plants, as usually adopted in the region. The occurrence of low rainfall and high temperatures, as observed, may promote considerable physiological and biochemical changes that will negatively affect the coffee crop (DaMatta and Ramalho, 2006) . However, the results of the present study show that, even under adverse conditions of low precipitation and high temperature which occurred in the region during the study, the coffee plants presented suitable vegetative and reproductive development. In that sense, the results of this study corroborate with scientific studies which suggest that shaded plantations, such as this intercropped system, are especially useful to mitigate the effects of stressful weather fluctuations (DaMatta and Ramalho, 2006; Pezzopane et al., 2010; 2011) . Studies carried out by Pezzopane et al. (2003; showed positive changes in meteorological elements in intercropping systems in relation to unshaded cultivation. These authors observed microclimatic differences for solar radiation, air temperature, wind speed and vapor pressure deficit. Cavatte et al. (2013) observed that when the coffee tree is intercropped with tree species, the damages caused by frost, excessive radiation, winds and extreme temperatures are considerably diminished.
Photosynthetically active radiation inside the intercropping
In the intercropping system, the coconut palms generated a shaded environment and decreased the incident radiation over the coffee plants. The . This decrease of 40% in the photosynthetically active radiation is an important factor in the regulation of growth and development of coffee plants. The photosynthetic apparatus of some C3 species, such as coffee and coconut, may become saturated even at low levels of radiation (Larcher, 2000) ; therefore, the intercropping of such species becomes interesting as a strategy to improve the metabolic efficiency of the shaded crop. Since the coconut crop is considered secondary, and therefore less economically interesting in this intercropping system, the palms will be used to partially absorb the total radiation. The shaded coffee, of higher economical interest, will receive a decreased photon flux which will help attenuating photooxidative stresses and mitigating the photorespiration, favoring the efficiency in converting the radiation in biomass (Alvarenga et al., 2004; Cavatte et al., 2012 , Larcher, 2000 Kirschbaum, 2011) . Since the plant growth depends directly on intrinsic genetic factors and environmental complex interactions which will modulate the conversion of light into chemical energy (Silva et al., 2005) , it is important to quantify morphological variables to identify genotypes capable of expressing higher efficiency in shaded systems.
Stem architecture and fruit bearing of coffee plants
Genotype 83 stood out regarding morphological and production characteristics (NPB, NFB, LPB and NNB), since it showed higher means for all variables (Table 1) . This genotype presented vigorous plants, with relatively high capacity of generating and sustaining vegetative structures and higher number of fruits per plagiotropic branch. Genotype 48 showed good results for the number of fruits per plagiotropic branch and number of nodes per branch, which usually correlates with the plant yield capacity . However, this genotype did not surpass the beforementioned genotype 83, due to its lower number and of plagiotropic branches per plant and their shorter length (Table 1) . Since the number of fruits and nodes per branch were statistically similar for the genotypes 83 and 48, regardless of the differences in their plagiotropic branch length, these genotypes didn't express significant differences in the variables directly related to their overall yield per branch. However, the total number of plagiotropic branches per plant may accentuate the differences between them, since it is directly related to the total yield per plant. In general, genotype 16 showed intermediate results in the analyzed characteristics; however, it presented considerable high number of plagiotropic branches and number of fruits per branch, which can positively affect the productivity of this genotype (Table 1) . The behavior of genotypes 02, 100 and 153 was similar for morphological traits and fruit bearing variables, but had lower values than those observed for genotypes 83 and 48 (Colatina, Espírito Santo, Brazil, 2015 . Genotypes PLH [1] (cm) NPB [2] (Unit) NFB [3] (Unit) LPB [4] (cm) number of fruits per plagiotropic branch, [4] length of the plagiotropic branches, [5] number of nodes per plagiotropic branch. Means followed by the same letter do not differ from each other according to the Scott-Knott test, at 5% of probability. content of chlorophyll b, [3] total chlorophyll content, [4] unitary leaf area, [5] specific leaf area, [6] available leaf area per fruit in the plagiotropic branch. Means followed by the same letter do not differ from each other according to the Scott-Knott test, at 5% of probability. Table 3 . Biomass ratios of genotypes of Coffea canephora intercropped with Cocos nucifera (Colatina, Espírito Santo, Brazil, 2015 dry matter of plagiotropic branches, [3] stem mass ratio, [4] leaf mass ratio, [5] harvest index. Means followed by the same letter do not differ from each other according to the ScottKnott test, at 5% of probability. Populations of Coffea canephora naturally presents high heterogeneity originated from the reproductive process of the species (allogamy). Studies conducted with Conilon coffee highlight the expression of diversity among genotypes of this species, which allow to identify and cluster some genotypes regarding several agronomic traits (Rodrigues et al., 2012; . The similarity between the results for the genotypes 02 and 153 found in this study corroborates others researches that show these genotypes having similar behavior regarding growth rate (Contarato et al., 2008; Couvre et al., 2013) , root growth (Martins et al. 2013a ), biomass accumulation and nutritional parameters Martins et al. 2016) . Based on the morphological and production characteristics, a different behavior is observed among the genotypes, making it possible to identify groups with different responses to the cultivations in the intercropped system with dwarf coconut palms.
Chlorophyll content and leafiness of coffee plants
The content of chlorophyll a and the total chlorophyll content did not differ statistically among the genotypes (Table 2) . Such fact corroborates the results of Gonçalves et al. (2007) , which studied conilon coffee trees with partial shading. Also corroborate the results of Araújo et al. (2015) , which describe a homogeneous behavior for conilon coffee intercropped with banana trees. The content of chlorophyll b, however, presented relevant differences among the genotypes. The genotypes 02, 48, 83 and 153 formed a homogeneous group with superior mean (Table 2 ). This plasticity in the concentration of chlorophyll in the green tissues of coffee plants was also observed by Araújo et al. (2015) , corroborating with the results of amount of chlorophyll b of the present study. Chlorophyll b constitutes an accessory pigment related to absorption and transference of energy from the antenna complex to reaction centers, which are constituted by chlorophyll a (Streit et al., 2005) . Therefore, variations in the content of chlorophyll b in shaded conditions constitute a plastic adaptive response of the genotype to increase the efficiency of light use (Lee et al., 1990; Cao, 2000; Feng et al., 2004) . The content of chlorophyll b is a valuable descriptor for the identification of genotypes with adaptation potential to shaded environments, such as the intercropped cultivation. In order to improve their adaptation to shaded conditions, it is noted that, besides being able to change the content of chlorophyll b, some genotypes (03, 48, 16, 83, 100 and 153) also developed larger leaves, which can directly affect the amount of light intercepted by the plant ( Table 2 ). The increase of the leaf area in shaded environments is normally a morphological response to optimize the light interception and keep the photosynthesis apparatus working under the condition of lesser available radiation, as found for shaded conilon coffee trees in the observations of Ricci et al. (2013) and Partelli et al. (2006) . The specific leaf area is directly related to the thickness of the leaf blade as higher values of specific leaf area are resulted from slender or less dense leaves. Matos et al. (2009) , studying the morphoanatomical plasticity of coffee plants in response to changes in the irradiance, noticed that under lesser irradiance, such as in the shaded growth, the coffee leaves presented thinner parenchymas and more intercellular spaces than unshaded leaves, resulting in higher specific leaf areas. Under the same shaded conditions, it was not observed variety of responses among genotypes regarding the changes in specific leaf area, showing that the studied genotypes may respond in a similar way to this variable ( Table 2 ). The available leaf area of the genotypes 03 and 76 were larger than the others (Table 2) , indicating a larger leaf area in the plagiotropic branches available to sustain its production of fruits. Larger available leaf area means higher availability of tissues acting as source of metabolic assimilates that can be directed to the formation of fruits, making it possible to sustain higher yield without an excessive metabolic exhausting of the branches, which could lead to losses in filling and formation of fruits as well as increase the bienniality affects (Laviola et al., 2007; Rodrigues et al., 2014; . As the genotypes 03 and 76 also presented lower production of fruits per plagiotropic branch, this result indicates that these genotypes presented high metabolic investment in the development of leaves in detriment of fruits. The vigorous vegetative growth of these genotypes may be a response to the shading of the intercropping system, some genotypes are less plastic to adapt to the shaded conditions and may suffer a change in the differentiation of the nodes, favoring the development of vegetative structures while restricting the differentiation of reproductive buds (DaMatta et al., 2004) .
Production and allocation of biomass
Genotype 83 presented higher accumulation of biomass in its branches, followed by genotype 48 (Table 3) . Both genotypes presented the highest proportion of branch biomass allocated to the stem (SMR), however, lower leaf allocation and leaf area ratio (Table 3 ). The harvest index of genotype 48 was higher, while the lowest result was observed for 83 (Table 3) . It is noteworthy that these genotypes showed the highest number of fruits and nodes (vegetative and reproductive) per plagiotropic branch (Table  1) . This characteristic directly influences the plant productive capacity and resulted in considerable accumulation of biomass in fruits, as well as high harvest indexes from the genotypes 48 and 83 (even though genotype 83 presented a slightly lower harvest index). The genotypes 02, 16, 100 and 153 were similar in the capacity to allocate biomass in the branches, leaf area ratio, stem mass ratio, leaf mass ratio and harvest index (Table 3) . Also, they showed smaller results for leaf area ratio, stem mass ratio and leaf mass ratio; intermediate results for dry matter of plagiotropic branches; and higher results for the harvest index (Table 3) . This shows that, even though they are not very prominent genotypes to form lengthier branches with many fruits (Table 1) , they showed good results in the proportion of the branch mass allocated in fruits, which resulted in good harvest index (Table 3) . The genotypes 03 and 76 presented plagiotropic branches with lesser accumulation of biomass, and the biomass seemed to be directed to the development of leaves instead of fruits or stems. Therefore, it was observed that genotypes 03 and 76 were materials that invested in leaf biomass (Table 3 ) and in leaf area relationships (Table 2) . This may be due to the low luminosity available within the intercropping system, causing these genotypes to present differences in the leaf structures, which is commonly found in intercropping systems. Colodetti et al. (2014) also observed variability in different Conilon genotypes for various plant growth traits and biomass production. Genotypes 02 and 153 showed similar behavior for biomass production, as noted in the present study, together with genotypes 16 and 100. In another study, Martins et al. (2013b) verified that Conilon coffee genotypes have different behavior in relation to the accumulation of dry matter, and this fact is also due to nutritional aspects being related to the accumulation and absorption of phosphorus. It was commonly observed a different accumulation of dry matter between the Conilon genotypes. This behavior is due to the intrinsic characteristics of each genotype, depending on the genetic and phenotypic variability (Fageria, 1998) . According to Fonseca et al. (2004) and Ferrão et al. (2008) , the coffee genotypes have a wide phenotypic and genetic variability, which allows different behaviors, indicating the need the genotypes have to adapt and stabilize in different management conditions.
Materials and Methods
Experimental design and plant materials
The experiment followed a completely randomized design, with eight genotypes of conilon coffee randomly distributed under the evaluation lines and using six repetitions. The genotypes were selected to sample genotypes from different groups regarding ripening cycle (Rodrigues et al., 2012) . The genotypes used in this study were: 02, 03 and 48 of early cycle; 16, 76 and 83 of intermediate cycle; and 100 and 153 of late cycle, regarding the duration of their ripening cycle. These genotypes are improved and adapted to cultivation in the region, being part of clonal cultivars widely used in the Espírito Santo state (Table 4) . The genotypes received individual identifications plates and were randomized along the crop lines. The randomized placement of genotypes is used as a strategy to promote cross-pollination in the system (Conagin and Mendes, 1961; Ferrão et al., 2007) .
Characterization of the experimental field
The study was done in the municipality of Colatina, Northwest region of the Espírito Santo state, localized in Southeast Region of Brazil (19°19'5.61"S, 40°36'13.64"W) , in a traditionally coffee producing region. The intercrop is located at 116 m above sea level and the soil was classified as Oxisol. The climate, according to the Köppen classification, is classified as "Aw" type, with two well defined seasons: hot and rainy from November to February, and cold and dry from March to September. The conilon coffee plants (Coffea canephora Pierre ex Froehner) were cultivated with a 3 × 1 m spacing, keeping four orthotropic stems per plant. The lines of coffee plants were intercropped under lines of dwarf green coconut palms (Cocos nucifera L. var. nana), cultivated in a 10 x 5 m spacing. The coffee lines were placed 2 m away from the coconut lines. The system was composed by the sequential distribution of three lines of coffee and one line of coconut. The crop was irrigated using aspersion system only in order to meet the hydric demand of the plant in critic periods of drought. The coffee cultivation followed the actual recommendations from the conilon coffee in the Espírito Santo state (Prezotti et al., 2007; Ferrão et al., 2007; . The weather conditions were monitored using an automatic meteorological station localized near the experimental field (data provided by the Instituto Capixaba de Pesquisa, Assistencia Técnica e Extensão Rural). The photosynthetically active radiation over each species of the intercrop was measured during a day with clear sky, at midday, using a portable irradiance bar of 1 linear meter of length (Irradiance Bar, Li-cor, Li-250A, precision: 1 µmol m -2 s -1
).
Evaluated characteristics
The intercrop was cultivated until the stabilization of the reproductive phenological cycles of both species and evaluated during the eighth year. The canopy architecture and morphology parameters were evaluated during the end of the fruit ripening phase. The evaluations were performed in average orthotropic stems and plagiotropic branches selected at the medium portion of the canopy, selecting branches which represented the overall growth and yield of the current cycle. The plant height and the length of the plagiotropic branches were determined using a ruler. The number of plagiotropic branches, fruits and nodes per plagiotropic branch were obtained through direct counting. The unitary leaf area was estimated using a non-destructive method, using measurements of the linear dimensions of the leaf blade, following the methodology proposed by Barros et al. (1973) , proven efficient for conilon coffee (Brinate et al., 2015) . The specific leaf area was obtained by the ratio between the leaf area and its dry matter, with the result expressed in cm 2 of leaf area per gram of biomass. The available leaf area was determined by the ratio between the leaf area available in the plagiotropic branch to sustain the number of fruits grown in the same branch (cm 2 fruto -1
). The chlorophyll contents (a, b and total content) were evaluated in the third and fourth pair of leaves from the apex of the plagiotropic branch. The determination of the contents was done using a portable chlorophyll analyzer (Electronic Chlorophyll Analyzer, Falker, ClorofiLOG FL1030). After measuring, the plagiotropic branches were collected and separated in leaves, stems and fruits; packed in paper bags and dried in laboratory oven, with forced air circulation, at a 65 °C until the plant tissues achieve constant mass. The total dry matter of the plagiotropic branches were determined as sum of leaves, stems and fruits. The leaf area ratio was determined through the relation between the leaf area and the dry matter of the plagiotropic branch (cm 2 g -1
). The stem mass ratio was calculated as the relation between the stem dry matter and the total matter of the plagiotropic branch (g g -1
). The leaf mass ratio was obtained through the leaves dry matter and the total dry matter of the plagiotropic branch (g g -1
The harvest index was determined as the ratio between the fruits dry matter and the total dry matter of the plagiotropic branch (g g -1
Statistical analysis
The data were submitted to analysis of variance and, following the occurrence of significance for the variation source, the Scott-Knott criteria was applied to study the means of the genotypes. The statistical analysis was done considering a 5% of probability and using the statistical software GENES (Cruz, 2013) .
Conclusion
Among the evaluated genotypes, it is possible to identify genotypes with different responses regarding their growth, architecture and fruit bearing traits, showing that some improved genotypes with high yield in unshaded crops are also showing desirable characteristics to support a possible selection for intercropping systems. In intercropping systems with dwarf coconut palms, the genotypes 83 and 48 presented higher number of fruits per branch, besides vigorous growth, and, together with genotype 153, presented larger leaves and higher content of chlorophyll b. Genotype 02 also had higher chlorophyll b content, but did not develop large leaves. The genotypes 16 and 100 presented lower levels of chlorophyll b but greater leaf development. Genotypes 03 and 76 are characterized by lower harvest yield. The biomass and the number of fruits per plagiotropic branch seems to be especially useful to study the variability and may ease future studies of variability among genotypes in intercropping systems.
